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$EVWUDFW ,W LV GHPRQVWUDWHG H[SHULPHQWDOO\ WKDW DQ DOXPLQXP $O
QDQRZLUHJUDWLQJVWUXFWXUHRQVLOLFRQVXEVWUDWHVFDQSURGXFHORZVLGHEDQG
PRQRFKURPDWLF SHDN ZKHQ LW UHIOHFWV FRORUHG OLJKW LQ WKH WUDQVYHUVH
PDJQHWLF70PRGH7KHFHQWUDOZDYHOHQJWKRIWKHUHIOHFWLRQLVVKRZQWR
EH VHQVLWLYH WR WKH LQFLGHQW DQJOH ZKLFK OHDGV WR VLJQLILFDQW FRORU VKLIWV
)RUPDWLRQRI WKHPRQRFKURPDWLFSHDNLVDWWULEXWHGWR WKHVXUIDFHSODVPRQ
UHVRQDQFH RQ WKH LQWHUIDFH EHWZHHQ $O DQG DLU WRJHWKHU ZLWK UHPDUNDEOH
GLIIUDFWLRQ DW VKRUWHUZDYHOHQJWKVDQG VWURQJ )DEU\3HURW )3 UHVRQDQFH
DEVRUSWLRQE\$OVXUURXQGLQJQDQRFDYLWLHV DQG VLOLFRQVXEVWUDWHDW ORQJHU
ZDYHOHQJWKV ,Q FRQWUDVW UHIOHFWLRQ LQ WUDQVYHUVH HOHFWULF 7( PRGH GRHV
QRW VKRZ GLVWLQFW ZDYHOHQJWK VHOHFWLYLW\ GXH WR WKH FXWRII HIIHFW RI WKH
QDQRFDYLWLHV 7KH RXWVWDQGLQJ FKDUDFWHUV RI WKH SURSRVHG VWUXFWXUH ZLWK
SRODUL]DWLRQ GHSHQGHQFH KLJK VHQVLWLYLW\ WR LQFLGHQW DQJOH KLJK FRORU











































DQG HVSHFLDOO\ LQ WKH DQWLFRXQWHUIHLW WDJV *HQHUDOO\ WKHUH DUH WZR DSSURDFKHV WR PDNH
FRORUHGSLFWXUHVLHXVLQJDEVRUSWLYHSLJPHQWV>@RURSWLFDOVWUXFWXUHV>@7KHSLJPHQWVFDQ
VHOHFWLYHO\DEVRUEFHUWDLQZDYHOHQJWKVRILQFLGHQWOLJKWDQGOHWRWKHUZDYHOHQJWKVEHUHIOHFWHG
RU WUDQVPLWWHG:KLOHVWUXFWXUDOFRORUVUHO\RQWKHOLJKW LQWHUIHUHQFHDQGGLIIUDFWLRQ IURPWKH
SHULRGLFPLFURQDQR VWUXFWXUHVRU ODPHOODU ILOPVZLWKDOWHUQDWH UHIUDFWLYHLQGH[HV2ZLQJ WR
WKHUDSLGO\GHYHORSPHQWRIQDQRIDEULFDWLRQWHFKQRORJ\FRQVLGHUDEOHDWWHQWLRQKDVEHHQSDLG
WRWKHDUWLILFLDOVXEZDYHOHQJWKVWUXFWXUHVZKLFKFDQJHQHUDWHSHFXOLDUVSHFWUDQRWDYDLODEOHLQ
WKHQDWXUDOZRUOG&RPSDUHGZLWKWKHSLJPHQWFRORU ILOWHUVVWUXFWXUHEDVHGFRORU ILOWHUV OLNH
GLHOHFWULF SKRWRQLF FU\VWDOV >@ DQG PHWDOOLF QDQRDUUD\V >@ FDQ LQFUHDVH WKH RSWLFDO
V\VWHPV
 OLJKWHIILFLHQF\GXHWR WKHQRQDEVRUSWLYHSK\VLFDOPHFKDQLVPWKHUHLQDQGWKHLU WKLQ
ILOP FKDUDFWHUPDNLQJLWSRVVLEOH WRSURGXFHPRUHFRPSDFWGHYLFH0RUHRYHU WKH\ FDQEH
LQWHJUDWHGZLWKSRODUL]DWLRQIHDWXUH>@7KHSK\VLFDOPHFKDQLVPVLQ WKHVHVWUXFWXUDOFRORUV
PDLQO\ LQFOXGH JXLGHGPRGH UHVRQDQFH *05 RI SODQDU GLHOHFWULF ZDYHJXLGH JUDWLQJ DQG
VXUIDFH SODVPRQ UHVRQDQFH 635 RI PHWDOOLF VXUIDFH >@ 3ODVPRQLF QDQRVWUXFWXUHV DUH





IRU WKH FORVH GHSHQGHQFH RI WKH UHVRQDQW ZDYHOHQJWK RQ WKH LQFLGHQW OLJKW DQJOH DQG
SRODUL]DWLRQYLD635>@
%DVHG RQ D VXEZDYHOHQJWK PHWDO QDQRZLUH JUDWLQJ 01* RQ VLOLFRQ VXEVWUDWHV ZH
UHSRUW DSRODUL]DWLRQGHSHQGHQW DQG UHIOHFWLRQW\SHSODVPRQLF VWUXFWXUH FRORUGHYLFH ZKLFK
SURGXFHVDQDUURZEDQGUHIOHFWLRQZLWKWUDQVYHUVHPDJQHWLF70HOHFWULFILHOGSHUSHQGLFXODU
WR WKH JUDWLQJ VWULSHV ILHOG DQGEURDGEDQG UHIOHFWLRQ ZLWK WUDQVYHUVH HOHFWULF 7( HOHFWULF
ILHOG SDUDOOHO WR WKH JUDWLQJ VWULSHV ILHOG GLVSOD\LQJ GLVWLQFW GLIIHUHQFH LQ FRORU
0RQRFKURPDWLFSHDNV DFURVV WKH HQWLUH YLVLEOH OLJKW DUH SHUVLVWHQW DQG REWDLQHG HDVLO\ E\
FKDQJLQJ WKH LQFLGHQW DQJOH RI WKH LQSXWZKLWH OLJKW:LWK WKLV XQLTXHRSWLFDO IXQFWLRQ WKH
SURSRVHG 01*V FDQ EH XVHG WR HQJLQHHU YLVLEOH OLJKW FRORU LQ GLVSOD\V SRODUL]DWLRQ
PLFURVFRS\SRODULPHWU\DQGHVSHFLDOO\LQHQFU\SWHGWDJVIRUVHFXULW\DSSOLFDWLRQVZKLFKKDV




)LJXUH D SUHVHQWV WKH VFKHPDWLF GLDJUDP RI WKH SURSRVHG UHIOHFWHG SODVPRQLF VWUXFWXUH
FRORUGHYLFHZKHUHWKHFKURPDWLFEHDPVSOLWWLQJRIUHIOHFWLRQGLIIUDFWLRQDQGDEVRUSWLRQIRU






UHVSHFWLYHO\7KH7(LQFLGHQWZKLWH OLJKW LVPDLQO\UHIOHFWHG6FDQQLQJHOHFWURQPLFURVFRS\6(0 LPDJHVRI WKHWRSDQG
VLGHYLHZVRI WKH IDEULFDWHGGHYLFH LQ)LJEFOHDUO\ VKRZDOD\HURI$O ILOPFRQIRUPDOO\
GHSRVLWHG RQ GLHOHFWULF UHOLHIV ,Q WKH IDEULFDWLRQ SURFHVV D SRO\PHWK\OPHWKDFU\ODWH
300$JUDWLQJZLWKSLWFK7 QPVOLWZLGWKZ QPLHGXW\F\FOHZ7RIDQG
UHOLHIVKHLJKWK QPZDV IDEULFDWHGE\QDQRLPSULQWLQJRQWKHVLOLFRQ ZDIHUV7KHQ WKHJUDWLQJZDVGHSRVLWHGZLWKDQDOXPLQXP$O ILOPRI WKLFNQHVVK QPE\HOHFWURQEHDP(EHDPHYDSRUDWLRQ ,Q DGGLWLRQ WR WKH WZR OD\HUVRI$O IRUPHGRQ WKH WRSRI WKH300$
ULGJHV DQG LQ WKH JURRYHV WKH VLGHZDOOVRI WKH300$EDUV ZHUH DOVR FRDWHG ZLWK $O ZLWK
ZLGWKRIDERXWQP
,Q WKHPHDVXUHPHQWD FROOLPDWHGZKLWH OLJKWZDVSRODUL]HGE\D*OHQ7KRPSVRQSULVP
DQGWKHQZDVLOOXPLQDWHGRQWKHGHYLFHIL[HGRQDPRWRUGULYHQURWDWLQJVWDJH7KHUHIOHFWHG

















KLJK UHIOHFWDQFHDWȜ635 DQG ORZ UHIOHFWDQFH DWRWKHUZDYHOHQJWKV DUH VKRZQ*HQHUDOO\ WKH
PD[LPXPUHIOHFWHGHIILFLHQFLHVDUHPRUHWKDQDQGWKHIXOOZLGWKDWKDOIPD[LPXPLVRQO\
DERXW  QP ZKLFK LV QDUURZHU WKDQ WKDW RI WKH )DEU\3HURWOLNH LQWHUIHUHQFH PXOWLOD\HUHG
VWUXFWXUHVIRUVHFXULW\ LPDJHZLWKW\SLFDOYDOXHRIQP>@HVSHFLDOO\ZKHQșLLV OHVVWKDQRDVKLJKDVUHIOHFWLRQFDQEHREWDLQHG7KHPHDVXUHGUHIOHFWHGFRORUSDWWHUQVDUH
DOVR SUHVHQWHG RQ WRS RI FRUUHVSRQGLQJ VSHFWUD 7KH UHIOHFWHG VSHFWUD
V FRUUHVSRQGLQJ
ORFDWLRQV LQ WKH&,([\FKURPDWLFLW\GLDJUDPDUHSUHVHQWHG LQ)LJEZKLFK VKRZV
WKDW WKHFRORU LV FKDQJHGIURPJUHHQ WR \HOORZDQGWKHQ WR UHGZLWK WKH LQFUHDVHRI LQFLGHQW
DQJOH7KHVKDUSUHIOHFWLRQSHDNDWȜ635FRUUHVSRQGVWRWKHODWHUDO635ZKLFKLVGHVFULEHGE\WKHHTXDWLRQNVLQșLP* N633 P «ZLWKQHJDWLYH ILUVWRUGHURIUHFLSURFDOYHFWRURIWKHPRGXODWLRQP ZKHUHNLVWKHZDYHQXPEHURI WKHOLJKW LQYDFXXPWKH
JUDWLQJYHFWRU* ʌ7WKHZDYHQXPEHURI WKHVXUIDFHSODVPDSRODULWRQİDQGİP DUH WKHSHUPLWWLYLW\ RI WKH DLU DQG $O E\ /RUDQW]'UXGH PRGH >@ UHVSHFWLYHO\ 7KH FDOFXODWHG









'LIIHUHQW IURP WKH70FDVH WKH PHDVXUHGDQG VLPXODWHG7( UHIOHFWLRQ VSHFWUDVKRZZLGH
EDQG FKDUDFWHU ZLWK PRVW RI WKH OLJKW EHLQJ UHIOHFWHG DV VKRZQ LQ )LJ D DQG E 7KH














DUH DOVR SUHVHQWHG WKHUHLQ 7KH PD[LPXP ZDYHOHQJWKV Ȝ'LII RI WKH VW RUGHU GLIIUDFWLRQ LVVKRZQ DV PDJHQWD GDVKHG OLQHV LQ )LJ D DQG E ZKLFK LV GHGXFHG IURP GLIIUDFWLRQ
HTXDWLRQN VLQșLP* NVLQș' P «ZLWK WKHGLIIUDFWLRQ DQJOHș' R7KHGLIIUDFWLRQOLPLWȜ'LIILVDIHZQDQRPHWHUVVKRUWHUWKDQȜ635VRWKHOLJKWZLWKZDYHOHQJWKRIȜ635FDQQRWEHGLIIUDFWHG7KHVWHDG\DPSOLWXGHGLVWULEXWLRQRIWKHVLPXODWHG+]IRUȜ QPDQG
șL RLQ)LJFUHSUHVHQWVWKHGLIIUDFWLRQSURFHVVWKHOLJKWHQWHUVWKHDLUFDYLWLHVLQVXUIDFHSODVPRQZDYHJXLGHPRGH>@DQGWKHQLVGLIIUDFWHGVWUDLJKWIRUZDUG
)XUWKHUVLPXODWLRQRI DEVRUSWLRQLQ)LJEVKRZVWKDWPRUHWKDQRIWKH LQFLGHQW





,Q VKRUW E\ WKHFRPELQDWLRQRI WKHDERYHWKUHH PHFKDQLVPV635HQKDQFHG UHIOHFWLRQ


















YLD PHWDOLQVXODWRUPHWDO ZDYHJXLGH PRGH HIILFLHQWO\ WKXV KDYH VWURQJHU )3 FDYLW\
UHVRQDQFH:KLOHIRU7(OLJKWWKHORQJHUWKHZDYHOHQJWKLVWKHPRUHREYLRXVWKHSURKLELWLRQ




3 UHVRQDQFH +RZHYHUDV VKRZQ LQ)LJDE\FKDQJLQJ WKHGXW\ F\FOH IURP LH
GHFUHDVLQJ QHII WKH SHDNVKDSHG UHIOHFWLRQ LV PDLQO\ NHSW GXH WR WKH IDFW WKDW WKH FHQWHU






EDQG ,W LV QRWLFHG WKDW WKH7( UHIOHFWLRQ EHKDYHV ZLGHEDQG FKDUDFWHU 7KH JLDQW GLIIHUHQW
FRORUVEHWZHHQ70DQG7(OLJKWVLQWKLVGHYLFHZKLFKFDQEHUHDGLO\REVHUYHGXVLQJDFKHDS










,Q VXPPDU\ ZH KDYH SURSRVHG D PHWDOOLFGLHOHFWULF K\EULG JUDWLQJ VWUXFWXUH WR DFKLHYH
UHIOHFWLYH ORZVLGHEDQG SODVPRQLF VWUXFWXUDO FRORUV 7KH GHYLFH GHPRQVWUDWHV QDUURZ DQG
KLJK PRQRFKURPDWLFSHDNHG UHIOHFWLRQ IRU 70 ZKLWH OLJKW ZKLFK UHQGHUV EULJKW DQG YLYLG
FRORUV7KUHHSK\VLFDOPHFKDQLVPVDUHUHVSRQVLEOHIRUWKHVHIHDWXUHVLQFOXGLQJ635HQKDQFHG
UHIOHFWLRQUHPDUNDEOHGLIIUDFWLRQRIOLJKWDWVKRUWHUZDYHOHQJWKVVWURQJDEVRUSWLRQE\PHWDO
VXUURXQGLQJQDQRFDYLWLHV DQG VLOLFRQ VXEVWUDWHV IRU WKH OLJKW DW ORQJHUZDYHOHQJWKVEH\RQG
GLIIUDFWLRQ:LWKRXWWKHVHPHFKDQLVPV7(OLJKWVKRZVZLGHEDQGUHIOHFWLRQ,WPD\ILQGZLGH
DSSOLFDWLRQV IRU H[DPSOH SURGXFLQJ QRYHO UHIOHFWLYH DQWLFRXQWHUIHLW ILOPV 1RUPDOO\ WKH
FRORUVKLIWE\WKHDQWLFRXQWHUIHLWILOPLVSURGXFHGE\WKHJUDWLQJGLIIUDFWLRQHIIHFWV+HUHZLWK
RXU VWUXFWXUH EHVLGHV WKH GLIIUDFWLRQ UHIOHFWHGFRORUV FKDQJLQJ REYLRXVO\ ZLWK WKH LQFLGHQW
DQJOHDQGSRODUL]DWLRQPDNHWKHDQWLFRXQWHUIHLWILOPPRUHFRQVSLFXRXV
$FNQRZOHGJPHQWV
7KH DXWKRUV DFNQRZOHGJH WKH VXSSRUW RI 1DWLRQDO 1DWXUDO 6FLHQFH )RXQGDWLRQ RI &KLQD *UDQW 1RV
DQG
